Introduction-Microparticles (MPs) are submicron vesicles shed by activated or apoptotic cells, including platelets and monocytes. Increased circulating MPs are associated with thrombosis; however, their role in thrombogenesis is poorly understood.
Introduction
Once considered simply cell debris, microparticles (MPs) are bioactive sub-micron (0.1-1 μm) membrane vesicles shed from activated and apoptotic cells in culture and in vivo. While detectable in healthy controls [1] , MPs levels are greatly elevated in patients with diseases including venous thromboembolism [2] , hypertension [3] , diabetes mellitus [4] , and cancer [5, 6] . Platelet-derived MPs (PMPs) comprise the largest fraction of MPs in healthy controls [1] and patients [5, 7] . PMP concentrations in patients range from ~3000-11,000/μL. [2, 4, 8] Monocyte-derived MPs (M-MPs) are low or undetectable in healthy controls, but circulate at levels from ~300-1300/μL in sickle cell disease, cancer, and other diseases. [2, 4, 6, 9] Despite studies demonstrating circulating MPs in healthy individuals and patients, MPmediated mechanisms contributing to hemostasis or thrombosis are not understood. MPs bear surface antigens from their parent cells and anionic phospholipids such as phosphatidylserine (PS). [10] These properties are thought to define MP function. Observations that MPs support thrombin generation [1, 11] suggest MPs contribute to hemostasis via "idling" of the coagulation system, evidenced by the presence of activation peptides and prothrombin fragment 1.2 in healthy individuals [12] . However, it is difficult to confirm the role of MP procoagulant activity in hemostasis in vivo because MPs cannot be depleted from circulation. Increased levels of MPs in thrombotic disease suggest MP procoagulant activity tips coagulation "idling" towards full-fledged activation and promotes thrombosis. TF-bearing MPs, in particular, may independently initiate or propagate coagulation via recruitment to developing thrombi. [13] [14] [15] Human M-MPs promote fibrin accumulation in a murine carotid artery ligation model [16] , and injection of MPs isolated from mice after inferior vena cava thrombosis into new mice prior to inferior vena cava ligation increases thrombus weight at early time points. [17] The mechanism(s) by which MP procoagulant activity increases fibrin deposition, thrombus growth, and/or weight are not known.
Thrombin generation promotes clotting and clot stability by modulating fibrin properties, including its network structure and resistance to fibrinolysis. [18, 19] These studies suggest MP procoagulant activity directly increases fibrin formation and stability. However, although procoagulant activity of heterogeneous MP pools isolated from plasma has been examined, to our knowledge, no study has examined how MPs from different parent cells promote procoagulant activity or fibrin production or quality. This information gap limits clinical interpretation of MP function in healthy individuals or pathologic contributions of elevated levels of certain MP subtypes in patients.
The goal of this study was to determine the specific contributions of monocyte-and plateletderived MPs to thrombin generation and fibrin formation, structure, and stability. We prepared MPs from isolated human platelets, monocytes, and a monocytic cell line (THP-1) and compared their physical and biochemical properties. Our data show monocyte-derived MPs initiate thrombin generation and fibrin formation via their TF activity, whereas plateletderived MPs propagate thrombin and fibrin production in TF-or contact-triggered plasma. These findings suggest MPs from different parent cells uniquely contribute to coagulation, and that the relative concentration of circulating MPs from different cell types influences thrombosis risk. IN) . Human factors Xa, Va, prothrombin, and corn trypsin inhibitor (CTI) were from Haematologic Technologies, Inc. (Essex Junction, VT). Thrombin fluorogenic substrate (Z-Gly-Gly-Arg-AMC) and calibrator (α2-macroglobulin/thrombin) were from Diagnostica Stago (Parsippany, NJ). Tissue plasminogen activator (tPA) was from Calbiochem (La Jolla, CA). Citrated, contactinhibited (18.6 μg/mL CTI [21] ), normal-pooled, platelet-free plasma [18] was prepared from 27 individuals, with final centrifugation (20,000×g, 20 minutes) to prepare MP-depleted plasma (MDP).
Materials & Methods

Materials
Primary cell isolation
Peripheral blood mononuclear cells (PBMCs), monocytes, and platelets were freshlyisolated from whole blood from healthy donors in a protocol approved by the University of North Carolina (UNC) Institutional Review Board. Blood was collected into 3.2% sodium citrate and centrifuged (150×g, 20 minutes). The platelet-rich plasma was treated with 50 ng/ mL prostacyclin I 2 to prevent nonspecific activation of platelets during preparation and centrifuged (400×g, 20 minutes) to pellet platelets. Platelets were re-suspended in warm (37°C ) Tyrode's buffer [1.5 mM N-2-hydroxyethylpiperazine-N′-2-ethanesulfonic acid, 0.33 mM NaH 2 PO 4 (pH 7.4), 13.8 mM NaCl, 0.27 mM KCl, 0.1 mM MgCl 2 , 0.55 mM dextrose, 1 mg/mL BSA] with 50 ng/mL prostacyclin I 2 and incubated for 30 minutes at 37 °C before stimulation. To isolate PBMCs and monocytes, the buffy coat and erythrocytes were diluted with Hank's balanced salt solution containing 5 mM ethylenediamine tetraaceticacid (HBSS/EDTA), layered over Accu-prep Lymphocyte gradient medium, and centrifuged (400×g, 30 minutes). The PBMC buffy coat fraction was removed, washed twice by centrifugation at 250×g, and re-suspended in HBSS/EDTA. For negative and positive monocyte selection, the PBMC buffy coat was washed twice and re-suspended in ice-cold MACS sorting buffer (phosphate-buffered saline/0.5% BSA/2 mM EDTA). Negative and positive monocyte selection kits were used according to the manufacturer's instructions. Final enriched monocyte populations were suspended in Macrophage-Serum-Free Media (Gibco, Grand Island, NY).
Cell culture
Human monocytic leukemia cell line (THP-1) was obtained from Dr. Nigel Mackman (UNC), and cultured in RPMI 1640 media with 10% fetal bovine serum.
Microparticle isolation
Platelets were stimulated for 30 minutes at room temperature with 6 or 50 μg/mL TRAP, 6 or 50 μg/mL TRAP plus 500 ng/mL convulxin (TRAP/convulxin), or 10 μM Ca 2+ ionophore (A23187). There were no differences in peak thrombin generation between PMPs generated with 6 or 50 μg/mL TRAP. Samples were centrifuged (1,500×g, 15 minutes) and MPcontaining supernatants were collected. PBMCs, monocytes, and THP-1 cells were stimulated with 100 ng/mL LPS (6 hours, 37 °C) in Macrophage Serum-Free Media; this condition supports cell stimulation in the absence of LPS-binding protein. [22] Trypan blue (HyClone, Logan, UT) exclusion experiments indicated less than 10% of monocytes and less than 15% of THP-1 cells were dead following the 6-hour incubation. Cells were removed by sequential centrifugation (500×g for 10 minutes, 1,500×g for 15 minutes, 13,000×g for 2 minutes). MPs were pelleted (20,000×g, 15 minutes), re-suspended in HEPES-buffered saline with 0.1% BSA (HBS/BSA), and re-pelleted (20,000×g, 15 minutes). MP pellets were re-suspended in HBS/BSA and stored at 4 °C up to one week. Control experiments showed no difference in thrombin generation in fresh and 1 week-old MPs (9.6±2.7 versus 12.0±0.9 nM peak thrombin, respectively).
Microparticle enumeration
Flow cytometry of washed MPs was performed on an LSR-II flow cytometer (BD Biosciences, San Jose, CA), using Megamix polystyrene beads (0.5, 0.9, and 3 μm) to gate the MP region by forward-and side-scatter. [23] MPs were incubated with antibodies in Annexin V Binding Buffer. FITC-Annexin V was used to detect PS. PE-anti-CD41 was used as a cell marker for PMPs and APC-anti-CD14 as a marker for PBMC-MPs and M-MPs. 
Microparticle physical characterization
Transmission electron microscopy (TEM) was performed by depositing MPs onto carboncoated Formvar copper grids treated with 0.01% poly-L-lysine. MPs were negatively stained with 3% ammonium molybdate (pH 7.0)/0.1% trehalose and imaged on a LEO EM910 transmission electron microscope (Carl Zeiss SMT, Peabody, MA) operating at 80 kV. Digital images were recorded using a Gatan Orius CCD Digital Camera and Digital Micrograph 3.11.0 (Gatan INC, Pleasanton, CA). MP diameters were measured using Adobe Photoshop 8.0. Nanoparticle Tracking Analysis (NTA) was performed using the Nanosight NS500 system (NanoSight, Amesbury, UK), which focuses a laser beam through a suspension of the particles of interest, visualizes particles resident within the beam using a conventional optical microscope aligned normally to the beam axis, and collects light scattered from all particles in the field of view. Videos (60 seconds) were recorded using an electron multiplying charge-coupled device, and particle movement was analyzed by NTA software. Each particle was identified and its Brownian movement tracked and measured frame-toframe. The particle movement velocity was used to calculate particle size by applying the Stokes-Einstein equation.
TF and prothrombinase activity
MPs were pre-incubated with anti-TF antibody (10 μg/mL, final) or isotype-matched control IgG (10 minutes, 37 °C) and then with factor VIIa (100 pM, final, 5 minutes) and factor X (135 nM, final, 30 minutes, 37 °C), in calcium (5 mM, final). Factor Xa generation per MP (per number of cell-marker-and Annexin V-positive events) was measured by chromogenic substrate cleavage [24] and referenced to a standard curve of lipidated recombinant human TF (Innovin). Prothrombinase activity (per Annexin V-positive events) was measured as described. [18] Thrombin generation by calibrated automated thrombography MPs (10 μL) and 20 μL HBS/BSA were spiked into 70 μL contact-inhibited MDP with anti-TF or control IgG (10 μg/mL, final) (58% MDP, final). Thrombin generation was initiated by automatically dispensing fluorogenic substrate (Z-Gly-Gly-Arg-AMC) in CaCl 2 (416 μM and 16 mM, final, respectively), calibrated against wells containing α2-macroglobulin/ thrombin complex and plasma, and analyzed with Thrombinoscope software v3.0.0.29 (Thrombinoscope BV, Maastricht, Netherlands).
Fibrin formation, network structure and clot stability
MPs were added to re-calcified (10 mM, final) MDP (88% MDP, final) in the absence or presence of 0.5 μg/mL tPA. Fibrin formation and lysis were measured by turbidity as described. [19] Fibrin networks were imaged in 10 μm z-stacks (4 stacks/clot) using laser scanning confocal microscopy in the presence of Alexa488-conjugated fibrinogen, as described. [18, 19] Fibrin density was measured by counting fibers intersecting a randomlyapplied grid, as described. [18, 19] 
Statistical analysis
Data are described using descriptive statistics [mean (±standard error of the mean) or mean (range), as indicated]. TF-dependent activity (anti-TF versus control IgG) and PMPdependent activity (±PMPs) were analyzed by paired student's t test. For all other data, Analysis of Variance (ANOVA) with Dunnett's post hoc test using buffer as the index group was used to control type I error. P<0.05 was considered significant.
Results
MPs from platelets and monocytes have a similar size distribution
We first characterized MPs from TRAP, TRAP/convulxin, and A23187-treated platelets, and LPS-treated PBMCs, monocytes, and THP-1 cells using flow cytometry with Annexin V-and cell-specific marker positivity, the gold standard for MP characterization and enumeration. [23] Figure 1A shows the MP gate (determined by 500 nm and 900 nm Megamix fluorescent beads) from representative PMPs from TRAP-stimulated platelets; MP from TRAP/convulxin-and A23187-treated platelets appeared similar (data not shown). M-MP contamination in PMP preparations was <5%. PMP contamination in MP preparations from LPS-treated PBMCs, negatively-selected monocytes, and positively-selected monocytes was 45.4±7.4%, 33.4±8.7%, and 16.6±2.9% of Annexin V-positive events, respectively, likely from platelets contaminating monocyte preparations. M-MPs derived from positively-selected monocytes ( Figure 1B) were used for subsequent experiments. We also used THP-1-derived MPs (THP-MPs) as a platelet-free source of monocytic MPs, as indicated.
Although flow cytometry detects particles as small as 300 nm, studies indicate MPs may be smaller (100-300 nm) [25] . To explicitly determine MP size we utilized two independent techniques: TEM and NTA. TEM enables imaging and measurement of individual MP ( Figure 1C ), while NTA enables enumeration and size analysis of fully hydrated MPs (from 20-1000 nm) in suspension [26] . Both methodologies indicated MPs have similar diameters (150-300 nm), regardless of the parent cell (monocytes or platelets), or stimulation method (LPS, TRAP, TRAP/convulxin, or A23187) ( Table 1) . NTA indicated LPS-stimulated monocytes generated approximately 60 M-MP/monocyte, and platelets stimulated with TRAP, TRAP/convulxin, or A23187 produced approximately 1.0 PMP/platelet; both were approximately 85-fold higher than that suggested by flow cytometry, consistent with reports that flow cytometry detects only a modest proportion of MPs [26] . However, although NTA can detect fluorescently-labeled placental MPs [26] , it has not been validated for fluorescently detecting M-MPs or PMPs. Since MP enumeration in prior studies of human plasmas utilized flow cytometry, we used flow cytometry-determined enumeration in all subsequent assays.
M-MPs, but not PMPs, promote thrombin generation in a TF-dependent manner
To compare inherent functional properties of MPs from platelets and monocytes, we measured both TF-and PS-dependent procoagulant activity. Figure 2A shows TF activity on M-MPs (16.7±2.4 pM TF/10 6 MP) and THP-MPs (2.88±0.8 pM TF/10 6 MP). However, PMPs, regardless of the agonist used for their derivation, did not support factor Xa generation (Figure 2A) , suggesting PMPs do not express TF.
We next compared the ability of these MPs to support prothrombinase activity. Regardless of the agonist used for their derivation, PMPs had similar prothrombinase activity ( Figure  2B ). PMPs did not support thrombin generation in the absence of exogenous factor Va (data not shown), indicating functional, platelet-derived factor Va was not present on PMPs. Similarly, M-MPs and THP-MPs did not support thrombin generation in the absence of exogenous factor Va (data not shown). Flow cytometry indicated M-MPs had higher Annexin V mean fluorescence intensity than PMPs (711.0±71.0 versus 418.7±43.8 arbitrary units, p<0.002). Accordingly, M-MPs showed 2.8-fold higher prothrombinase activity than PMPs (4382±584 nM thrombin*min −1 /10 6 M-MP versus 1556±189 nM thrombin*min −1 /10 6 PMP, Figure 2B ]. Although THP-MPs had lower Annexin V mean fluorescence intensity than PMPs (111.8±2.7 arbitrary units, P<0.001), they demonstrated higher prothrombinase activity (4807±879 nM thrombin*min −1 /10 6 THP-MP, Figure 2B ) than PMPs. These data suggest functional prothrombinase activity is not necessarily predicted by Annexin V fluorescence intensity, and confirm that M-MP prothrombinase activity was not due to PMP contamination in M-MP preparations.
Given these inherent differences in the nature of procoagulant activity of monocyte (TF and PS)-and platelet (only PS)-derived MPs, we then compared their ability to support thrombin generation in plasma. We spiked MPs at levels associated with thrombosis in humans (1000 M-MP/μL and 5000 PMP/μL) [2, 4, 6, 9] into re-calcified MDP and measured thrombin generation by calibrated automated thrombography. PMPs from TRAP-, TRAP/convulxin-, or A23187-stimulated platelets slightly but non-significantly shortened the lag time and increased the peak over buffer controls ( Figures 2C-D, data not shown) . These activities were not blocked by anti-TF antibody, indicating this activity was TF-independent. Although MDP was treated with CTI to inhibit contact activation, studies have reported time-dependent loss of CTI-mediated contact inhibition. [27] Accordingly, PMPs did not trigger clotting in factor XI-or IX-deficient plasma (data not shown). These data are consistent with observations that PMP-enriched plasma from healthy donors supports contact pathway-driven thrombin generation [1] , and attribute this finding specifically to the PMP fraction.
In contrast to PMPs, compared to buffer controls, both M-MPs and THP-MPs significantly (P<0.001) shortened the thrombin lag time (5.4±0.5 min and 7.5±0.4 min, respectively, versus 84.2±4.8 min, Figure 2C ) and increased the peak (131.5±23.4 and 45.6±6.9 nM, respectively, versus 3.6±0.8 nM, Figure 2D ) in a TF-dependent manner. These data indicate monocyte-derived MPs initiate thrombin generation in a TF-dependent manner, while PMPs support thrombin generation only in the presence of an intact contact pathway.
M-MPs promote fibrin formation
Given differences in PMP and M-MP procoagulant activity, we then compared the ability of MPs to support fibrin formation by spiking MPs into re-calcified MDP and following fibrin formation by turbidity. PMPs from TRAP-( Figures 3A, B) , TRAP/convulxin-(data not shown) or A23187-(data not shown) stimulated platelets inconsistently triggered fibrin formation after 60 minutes only at the highest concentrations tested, and in a TFindependent mechanism. As in thrombin generation assays (Figure 2 ), PMPs did not trigger clotting in contact (factor XII)-deficient plasma for up to 120 minutes (data not shown), indicating PMP activity in MDP reflected time-dependent loss of contact inhibition [27] . In contrast, M-MPs and THP-MPs significantly (P<0.0001) shortened the onset (Figures 3A,  B) and increased the rate (Figures 3A, C) of fibrin formation in a concentration-dependent manner that was completely blocked by anti-TF antibody (data not shown). These data indicate M-MPs and THP-MPs trigger TF-dependent fibrin production, while PMPs support fibrin formation only in the presence of an intact contact pathway.
M-MPs, but not PMPs, increase fibrin network density
The fibrin formation rate is correlated with fibrin network density. [18, 19] We used laser scanning confocal microscopy to compare effects of PMP and M-MPs on network density versus networks produced by the background level of contact activation in MDP. Addition of TRAP-derived PMPs to clotting reactions did not significantly alter network density compared to buffer controls (Figure 4 ), although fibers appeared slightly more branched in samples clotted in the presence of 5000 PMP/μL. TRAP/convulxin-and A23187-derived PMPs similarly had no significant effect on network density (data not shown). Since platelets increase fibrin density via interactions between their integrins and the fibrin network [19, 28] , this observation suggests integrin density on PMP is lower than on intact platelets and does not sufficiently interact with the fibrin network to alter structure. In contrast to PMPs, M-MPs significantly increased fiber density (P=0.001) over controls ( Figure 4 ).
M-MPs increase clot resistance to fibrinolysis
Fibrin network density is positively associated with network stability. [18, 19] To determine the ability of MPs to promote clot stability, we spiked MPs into re-calcified MDP in the presence of tPA, and followed fibrin formation and lysis by turbidity ( Figure 5A ). The time to peak and peak turbidity reflect the time to maximum fibrin formation and peak incorporation of fibrin into the clot, respectively. [19] Both M-MPs and THP-MPs shortened the time to peak (P<0.0001, Figure 5B ) and increased the peak (P<0.03, Figure 5C ) turbidity versus control (buffer), whereas PMPs did not enhance fibrin formation over buffer (contact activation), alone. These data suggest monocyte-derived MPs trigger rapid accumulation of fibrin, even in the presence of fibrinolytic activity.
PMPs increase thrombin generation and the fibrin formation rate during TF-initiated clotting
Our data indicated PMPs supported little to no fibrin generation in the absence of a procoagulant stimulus (contact activation), consistent with their apparently non-pathogenic presence in healthy individuals [1] . However, since PMP supported procoagulant activity ( Figure 2 ) and fibrin formation following contact activation (Figures 2-5) , and since MPs are recruited to sites of vascular injury (TF exposure) [13] [14] [15] , we tested the hypothesis that PMPs augment coagulation in reactions triggered by TF. We spiked PMPs into re-calcified MDP, triggered clotting with TF (1 pM Innovin or THP-MPs as a model monocyte TFbearing MP to avoid any influence of contaminating PMPs), and followed thrombin generation and fibrin formation. Addition of PMPs from TRAP-stimulated platelets to Innovin-triggered reactions shortened the thrombin lag time from 10.4±0.8 to 8.7±0.5 minutes (P<0.01). PMPs also shortened the lag time in 500/uL and 1000/uL THP-MPtriggered reactions from 4.6±0.2 to 4.0±0.1 minutes, and 3.7±0.6 to 3.2±0.5 minutes, respectively (P<0.04). PMPs increased the thrombin peak (P<0.05, Figure 6A ). These data reflect the ability of PMPs to support thrombin propagation, as well positively feedback on the initiation phase. Consequently, addition of PMPs to Innovin-or THP-MP-triggered clotting assays consistently increased the fibrin formation rate over Innovin or THP-MP, alone (P<0.01, Figure 6B ), and slightly, but non-significantly, shortened the time to peak ( Figure 6C ) and increased the peak ( Figure 6D ) turbidity in fibrinolysis assays. These findings suggest that following initiation, PMPs enhance clotting propagation and promote faster fibrin growth.
Discussion
The presence of circulating, cell-derived MPs in healthy individuals and their increased numbers in disease is well-documented; however, their potential mechanistic role(s) in hemostasis and/or thrombosis are poorly-defined. This information gap results, in part, from the lack of studies investigating independent procoagulant contributions of pure MP populations. We specifically characterized properties of MPs from isolated platelets and monocytes-MP subtypes most frequently implicated in procoagulant/prothrombotic disorders. Our data show TF-bearing MPs (M-MPs, THP-MPs) initiated plasma thrombin generation, promoted fibrin formation, and increased fibrin network density and resistance to lysis. In contrast, PMPs did not support plasma thrombin generation or clotting in the absence of a procoagulant trigger (contact or TF). However, following initiation, PMPs significantly increased thrombin generation and the fibrin formation rate. These data support findings demonstrating MP-enriched plasma supports thrombin generation [1, 11] , but extend these observations to show consequential, functional effects of MPs from specific parent cells on fibrin formation and stability.
Fueled by reports that MPs are smaller (<0.5 μm) than initially reported (≤1 μm) [25] , use of flow cytometry to characterize and enumerate MPs is controversial; the refractive index of cellular vesicles appears lower than that of polystyrene beads used to gate MP populations by flow cytometry, leading to underestimation of size. [29] Our data are consistent with reports that NTA detects more MPs than flow cytometry [26] due to increased detection of small (<0.5 μm) particles. However, using NTA and TEM in addition to flow cytometry to assess physical characteristics of platelet and monocyte-derived MPs, our data show MPs from both cell types, regardless of the agonist used for their derivation, are ~150-300 nm in diameter. These findings support observations that MPs from LPS-and P-selectin-activated monocytes are similar in size [25] , and extend the observations to include similarity with PMPs, suggesting cellular mechanisms producing MPs are common between cell types. [10] Nonetheless, MP characterization may be enhanced by continued refinement of methods that detect smaller vesicles. [29] Whereas PMPs circulate in healthy individuals, M-MPs are present only in prothrombotic disease. Our findings provide a rationale for different roles of these MPs in hemostasis and thrombosis. Consistent with the role of activated platelets in coagulation propagation [30] , PMPs augmented thrombin generation and fibrin formation only following a procoagulant trigger. Although it is well-accepted that such a trigger may arise in vivo from vascular injury that exposes subendothelial collagen or TF, the contact pathway contributes to thrombosis in murine models. [31, 32] Thus, PMPs may promote thrombus propagation following TF-or contact-initiated clotting in humans. In contrast to PMPs, M-MPs independently initiated thrombin generation and fibrin formation, and increased fibrin network density and stability, stemming from their ability to support both TF and prothrombinase activities. These findings are consistent with previous findings that leukocyte-derived MPs promote thrombogenesis, whereas PMPs are a marker of on-going thrombosis. [17] Together, these data suggest MPs derived from different parent cells uniquely contribute TF-dependent and-independent activities that promote thrombus formation and growth.
Given reports of platelet TF expression, it is notable that we did not detect TF activity in PMPs. Discrepancies between findings of TF mRNA processing and de novo protein synthesis in PAR-or A23187-stimulated platelets in some [33, 34] but not other [35, 36] studies have been potentially explained by the transient nature of TF expression following platelet activation [37] . Given the time required for MP production and isolation following platelet stimulation (~30 minutes in our study), it is unclear whether the lack of PMP TF reflects a lack of platelet TF expression, or that TF is not packaged into PMPs. Further studies are required to resolve this controversy. Similarly interesting was our finding that MMPs and THP-MPs had greater prothrombinase activity than PMPs. Since NTA indicated not all MPs were detected by flow cytometry, the higher prothrombinase activity of M-MPs and THP-MPs could indicate higher numbers of small MPs were generated by monocytic cells and were therefore present in the prothrombinase assay. However, NTA and TEM indicated MPs generated by monocytes and platelets had similar physical characteristics. Although high lipid concentrations cause an inhibitory effect in prothrombinase assays, testing additional MP dilutions confirmed that MP concentrations used in these assays were below concentrations that caused this effect (data not shown). Tracy et al. previously observed 15-fold higher prothrombinase activity on monocytes than platelets. [38] Our findings support and extend this observation by demonstrating these differences are not due to different cellular surface area.
Our study has potential limitations. First, MP function was analyzed from isolated parent cells; MP produced in vivo may possess unique properties. However, our findings, as well as those of others [25] indicate similar physical and procoagulant properties of MPs isolated from given cell types, suggesting MPs have defined characteristics whether generated in vivo or in vitro. Second, while we focused on MPs from monocytes and platelets, MPs from other parent cells may possess other procoagulant or anticoagulant/profibrinolytic properties. [39] Since reports suggest circulating CD41-positive MPs derive from megakaryocytes [40] , caution is advised when extrapolating our findings with PMPs to CD41-positive MPs in vivo. Third, we examined M-MP and PMP procoagulant activity; however, their impact depends on their ability to be recruited to and retained in, clots. Accumulation of TF-bearing MPs in thrombi but not hemostatic clots [41] suggests not all circulating MPs contribute procoagulant activity to all clots. Fourth, even by positive selection, we were unable to reduce the level of platelet contamination in M-MP preparations to less than 17%. Therefore, at least some procoagulant activity exhibited by M-MPs may derive from contaminating PMPs. However, we were able to recapitulate activities observed in M-MPs with THP-MPs, supporting our conclusion that monocytederived MPs exhibited both TF and prothrombinase activity in the assays. Finally, given 10-15% cell death that occurred during monocyte/THP-MPs generation, it is possible that a minor population of MPs were generated from dying cells. However, the recent study by Boles et al. (2011) [42] demonstrates apoptosis-derived THP-MPs have procoagulant properties (TF and PS activity) similar to those produced by LPS-stimulated cells, and therefore would be expected to exhibit similar behavior as LPS-derived MP in our thrombin generation and fibrin formation assays.
In conclusion, MPs from monocytes and platelets exhibit unique procoagulant activities; MMPs initiated the extrinsic pathway, PMPs supported intrinsic pathway-dependent clotting. Both MP types contributed to propagation of clotting. These data imply a pathogenic role for M-MPs, and suggest PMPs exhibit prothrombotic activity once initiation has occurred. It will be important to compare the contributions of MP from different parent cells in in vivo thrombosis models. 
